Methods:
We reviewed national syphilis and congenital syphilis case report data from 2016, including pregnancy status of all reported female syphilis cases and data on prenatal care, testing, and treatment status of mothers of reported congenital syphilis cases to derive estimates of the proportion of pregnant women with syphilis who received prenatal care, syphilis testing, and adequate syphilis treatment at least 30 days before delivery, as well as the proportion of potential congenital syphilis cases averted.
Results: Among the 2508 pregnant women who were reported to have syphilis, an estimated 88.0% received prenatal care at least 30 days before delivery, 89.4% were tested for syphilis at least 30 days before delivery, and 76.9% received an adequate treatment regimen that began at least 30 days before delivery. Overall, an estimated 1928 (75.0%) potential congenital syphilis cases in the United States were successfully averted. Among states that reported at least 10 syphilis cases among pregnant women, the estimated proportion of potential congenital syphilis cases averted ranged from 55.0% to 92.3%.
Conclusions:
Although the majority of potential congenital syphilis cases in the United States were averted in 2016, there was substantial geographic variation, and significant gaps in delivering timely prenatal care, syphilis testing, and adequate treatment to pregnant women with syphilis were identified. The congenital syphilis prevention cascade is a useful tool to quantify programmatic successes and identify where improvements are needed. C ongenital syphilis is caused by mother-to-child transmission of Treponema pallidum infection during pregnancy. Transmission can occur during any trimester of pregnancy and during any stage of syphilis. [1] [2] [3] However, the risk of transmission is highest during early syphilis (primary, secondary, or early latent syphilis). 1 Untreated syphilis during pregnancy can result in adverse pregnancy outcomes, including miscarriage, stillbirth, or infant death, as well as prematurity and low birth weight. [2] [3] [4] [5] Live-born infants with syphilitic infection can develop clinical manifestations that involve multiple organ systems, including disorders of the liver, blood, skeletal system, eye, and central nervous system. 2, 3, 6 Historical data demonstrate that untreated early syphilis in pregnant women, if acquired during the 4 years before delivery, can lead to fetal infection in up to 80% of cases and may result in stillbirth or infant death in up to 40% of cases. 1 Infected infants can also be asymptomatic at birth, but if not treated can develop clinical manifestations later in life. 2, 3, 7, 8 Congenital syphilis is preventable. Treatment with the longacting, injectable penicillin (ie, benzathine penicillin G) regimen that is appropriate for the mother's stage of syphilis can prevent stillbirths and fetal infection if initiated as early as possible during pregnancy and, if initiated at least 30 days before delivery, effectively prevents morbidity in live-born infants. [9] [10] [11] For this reason, the Centers for Disease Control and Prevention (CDC), the American Academy of Pediatrics, and the American College of Obstetricians and Gynecologists all recommend universal syphilis screening for all pregnant women at the first prenatal visit. 11, 12 In addition, for women who are at high risk for syphilis or live in areas of high syphilis morbidity, these organizations recommend repeat screening early in the third trimester and again at delivery. Pregnant women who are found to be infected should receive prompt treatment with the benzathine penicillin G regimen that is appropriate for the stage of syphilis and should be followed closely for the duration of the pregnancy to ensure that there is an appropriate serologic response to treatment and no indication of treatment failure or reinfection.
Despite the availability of an effective intervention, the rate of reported congenital syphilis has increased substantially in the United States since 2012. 13 During 2012 to 2016, the national congenital syphilis rate increased 86.9%, from 8.4 to 15.7 reported cases per 100,000 live births. 13 In 2016, there were 628 congenital syphilis cases reported in the United States, including 41 reported syphilitic stillbirths, 4 reported infant deaths, and 254 neonates with reported clinical findings consistent with infection (CDC, unpublished data). Congenital syphilis rates tend to mirror primary and secondary (P&S) syphilis rates among women of reproductive age, and the national P&S syphilis rate among women of reproductive age increased 100.0% during 2012-2016, from 2.1 to 4.2 reported cases per 100,000 females aged 15 to 44 years (CDC, unpublished data).
The recent increases in reported congenital syphilis and female P&S syphilis have led to renewed focus on congenital syphilis prevention and an urgent need to identify clinical and programmatic interventions that would have the greatest impact on congenital syphilis prevention. A key step towards developing effective interventions is gaining a clear understanding of where current prevention efforts are succeeding and where they could be strengthened. The HIV care continuum has been a useful tool to visualize the proportion of persons living with HIV who have received clinical services necessary to achieve the goal of viral suppression (eg, diagnosed, engaged in care, prescribed antiretroviral therapy). 14 A similar model has been developed to visualize and evaluate health department sexually transmitted disease (STD) control activities, such as treatment verification and contact elicitation. 15 A congenital syphilis prevention cascade could help visualize the essential services required to prevent congenital syphilis among pregnant women and could help identify opportunities for improvement along the prevention pathway. In addition, a congenital syphilis prevention cascade could also help quantify programmatic successes by describing the number of potential congenital syphilis cases averted each year.
We sought to create a congenital syphilis prevention cascade using data available in the national syphilis and congenital syphilis surveillance databases. With this cascade, we aimed to better estimate the national proportion and number of potential congenital syphilis cases averted with current prevention efforts in 2016 and to begin to develop a classification framework to better describe why reported cases of congenital syphilis were not averted.
MATERIALS AND METHODS

Data Sources
We extracted female syphilis and congenital syphilis case report data from the National Notifiable Diseases Surveillance System, the system through which CDC receives notifiable STD data from all 50 states and the District of Columbia. The syphilis case report data are received as deidentified, line-listed data that include demographic information, stage of syphilis (primary, secondary, early latent, and late or late latent cases), and other variables, such as pregnancy status, if ascertained. These data do not include data on prenatal care, treatment, or pregnancy outcomes. The congenital syphilis case report data are received as deidentified, line-listed data that include information about the mother's prenatal care, testing, and treatment during pregnancy, as well as clinical information about the neonate. Because syphilis and congenital syphilis case reports are deidentified before transmission to CDC, a pregnant female syphilis case in the syphilis database cannot be linked to a specific case of congenital syphilis in the congenital syphilis database. We examined the national syphilis case report data to obtain the number of reported cases of syphilis (any stage) in 2016 that were female and known to be pregnant. Because vertical transmission of T. pallidum can occur during any stage of maternal syphilis, [1] [2] [3] 11 all reported pregnant female cases with any stage of syphilis were included in the analysis. We examined the national congenital syphilis cases report data to obtain the number of reported congenital syphilis cases in 2016.
Definitions and Assumptions
To create the congenital syphilis prevention cascade, we estimated the proportion of pregnant women with syphilis who received prenatal care at least 30 days before delivery, the proportion that were tested for syphilis during pregnancy and at least 30 days before delivery, the proportion who received an adequate treatment regimen for their stage of syphilis that began at least 30 days before delivery, and the proportion of pregnant women with syphilis for whom a potential case of congenital syphilis was averted. The number of congenital syphilis cases not averted was assumed to be the number of reported congenital syphilis cases. Cases of congenital syphilis were defined according to the Council of State and Territorial Epidemiologists and CDC surveillance case definition, which includes (1) infants with physical signs or laboratory findings that are characteristic of congenital syphilis, and also (2) any infants or stillbirths born to infected mothers who did not receive an adequate treatment regimen for their stage of syphilis that began at least 30 days before delivery. 13 Among reported congenital syphilis cases, we assessed the number of mothers of cases who received any prenatal care, syphilis testing, and adequate syphilis treatment during pregnancy at least 30 days before delivery. Prenatal care at least 30 days before delivery was defined as any documentation in the congenital syphilis case report data of any prenatal care at least 30 days before delivery. Testing for syphilis at least 30 days before delivery was defined as any reported syphilis test with a date that occurred during pregnancy and at least 30 days before delivery. Adequate treatment was defined in accordance with the CDC STD Treatment Guidelines 11 : reported receipt of a penicillin-based regimen that was appropriate for the mother's stage of syphilis that began at least 30 days before delivery. For the purposes of this analysis, mothers lacking pertinent documentation of any of the above services were considered not to have received that service.
Because pregnant female syphilis cases are not linked to cases of congenital syphilis in the national database, and because pregnancy outcomes are not included in the female syphilis case report data, the creation of a congenital syphilis cascade that included all reported pregnant female syphilis cases required multiple assumptions. For the purposes of this analysis, we assumed that all mothers of reported congenital syphilis cases were reported as pregnant cases of syphilis in the syphilis case report database. We also assumed that outcomes of pregnant women with reported syphilis were accurately reported, so that all infants that met the surveillance definition of congenital syphilis were reported as cases of congenital syphilis, and infants that did not meet the case definition were not reported. In addition, we assumed that 1 infant was born to each pregnant woman with syphilis, and that that there were no miscarriages, terminations, or multiple gestations. Finally, because adequate maternal treatment at least 30 days before delivery is included in the congenital syphilis case definition, to populate the intermediate steps of the cascade, we assumed that if a potential congenital syphilis case was averted, then the mother received prenatal care, syphilis testing, and adequate treatment at least 30 days before delivery.
Calculations for the Cascade and Potential Congenital Syphilis Cases Averted
The proportion of pregnant women with syphilis who received each of the intermediate services in the cascade (ie, prenatal care, syphilis testing, and adequate syphilis treatment) was calculated by subtracting the number of reported congenital syphilis cases whose mother did not have documentation that they received that service from the total number of reported pregnant women with syphilis; this number was then divided by the total number of reported pregnant women with syphilis. The number of potential congenital syphilis cases averted was calculated by subtracting the number of reported congenital syphilis cases from the number of reported pregnant women with syphilis. This number was then divided by the total number of reported pregnant women with syphilis to calculate the proportion of potential congenital syphilis cases averted.
RESULTS
In 2016, there were 14,838 reported cases of syphilis (any stage) among women in the United States. Of these, 2508 (16.9%) were known to be pregnant, 9315 (62.8%) were not pregnant, and 3015 (20.3%) were reported with unknown or missing pregnancy status.
Congenital Syphilis Prevention Cascade and Estimate of Potential Cases Averted
Among the 2508 pregnant women with reported syphilis, an estimated 2208 (88.0%) received prenatal care at least 30 days before delivery, 2242 (89.4%) were tested for syphilis at least 30 days before delivery, and 1928 (76.9%) received a treatment regimen that was adequate for their stage of syphilis and was initiated at least 30 days before delivery (Fig. 1) . Overall, an estimated 1928 (75.0%) potential congenital syphilis cases in the United States were successfully averted in 2016.
The estimated proportion of potential congenital syphilis cases averted varied by state (Fig. 2) . In 2016, 47 states and the District of Columbia reported at least 1 case of syphilis in a pregnant woman (range, 1-492 cases), with 32 of those 47 states reporting at least 10 cases of syphilis among pregnant women. Among the 32 states that reported at least 10 cases of syphilis among pregnant women, the estimated proportion of potential congenital syphilis cases averted ranged from 55.0% to 92.3%.
Description of Missed Opportunities for Prevention Among Mothers of Reported Congenital Syphilis Cases
Nationwide, there were 628 reported cases of congenital syphilis in the United States in 2016 (Fig. 3, Table 1 ). Among the mothers of the reported cases of congenital syphilis, 328 (52.2%) had documentation that they received any prenatal care at least 30 days before delivery; 30 (4.8%) received prenatal care but the first visit occurred fewer than 30 days before delivery, 166 (26.4%) did not receive any prenatal care, and 104 (16.6%) had unknown prenatal care status.
Overall, 362 (57.6%) mothers of reported congenital syphilis cases were tested for syphilis during pregnancy and at least 30 days before delivery, including 277 mothers who received prenatal care at least 30 days before delivery and 85 mothers who did not (ie, 85 mothers who appeared to be tested for syphilis outside of the prenatal care system) (Fig. 3, Table 1 ). Among the 266 (42.4%) mothers of cases who were not tested for syphilis at least 30 days before delivery, most (n = 215; 80.8% of those not tested at least 30 days before delivery; 34.2% of all cases) also lacked any documented prenatal care at least 30 days before delivery. However, 51 of these mothers (19.2% of those not tested at least 30 days before delivery; 8.1% of all cases) had at least 1 prenatal care visit at least 30 days before delivery.
Upon review of treatment status, 48 (7.6%) mothers of reported congenital syphilis cases received a treatment regimen that was adequate for their stage of syphilis and was initiated at least 30 days before delivery, and 580 (92.4%) did not (Fig. 3, Table 1 ). The most common reason for not receiving adequate treatment that was initiated at least 30 days before delivery was lack of testing at least 30 days before delivery (n = 266; 45.9% of those not adequately treated; 42.4% of all cases). In contrast, 101 (17.4% of those not adequately treated; 16.1% of all cases) were tested for syphilis at least 30 days before delivery, but had a negative test result at that time and subsequently seroconverted and had a positive test result later in pregnancy or at delivery. These mothers apparently acquired syphilitic infection during pregnancy, after the initial syphilis test. Eighty-eight mothers (15.2% of those not adequately treated; 14.0% of all cases) were tested for syphilis at least 30 days before delivery, had a positive test result, but did not receive treatment at least 30 days before delivery. Twenty-three mothers (4.0% of those not adequately treated; 3.7% of all cases) had a positive test result and initiated treatment for syphilis at least 30 days before delivery, but received an inadequate regimen.
Among the 48 reported congenital syphilis cases born to mothers who received an adequate treatment regimen that began at least 30 days before delivery, 11 were reported as congenital syphilis cases because their mothers had serologic evidence of treatment failure or reinfection, and 31 (including 7 who had mothers with serologic evidence of treatment failure or reinfection) were born with physical examination (n = 1), x-ray (n = 8), or cerebrospinal fluid (n = 25) findings that were consistent with the congenital syphilis surveillance case definition; 13 cases were reported with insufficient data to determine why they were cases.
DISCUSSION
We created a congenital syphilis prevention cascade using data available in the national syphilis and congenital syphilis surveillance databases. A conceptual congenital syphilis prevention cascade has been described previously, 16 but, to our knowledge, the cascade presented here is the first report of a congenital syphilis prevention cascade that includes national data for the United States. This national cascade highlights that the majority (75.0%) of potential congenital syphilis cases in the United States were successfully averted in 2016. This estimate is comparable to Matthias et al's 17 calculation that 78% of potential congenital syphilis cases were averted in Louisiana and Florida during 2013 to 2014. Each of these averted cases is the result of clinical and programmatic interventions that successfully identified and treated a pregnant woman with syphilis. Interestingly, there was substantial variation in the estimated proportion of potential cases averted by state. Among states that reported at least 10 syphilis cases among Categorization of mothers of reported congenital syphilis cases (n = 628) by prenatal care, syphilis testing, and syphilis treatment status, United States, 2016. * "No" includes all cases that were reported without documentation that their mothers received prenatal care, testing for syphilis, or adequate treatment for syphilis ≥30 days before delivery, respectively, in the congenital syphilis case report data.
pregnant women, the estimated proportion of potential congenital syphilis cases averted ranged from 55.0% to 92.3%. This suggests that these data could be used to identify state and local programs that are doing well at preventing potential cases of congenital syphilis, and might point toward specific clinical and/or programmatic activities that are associated with a higher proportion of potential cases averted. The cascade also indicates where congenital syphilis prevention efforts need to be strengthened. From the cascade, it is apparent that the largest gaps in prevention services are (1) at entry into early prenatal care, and (2) between early testing and timely, adequate treatment. Nationally, we estimated that 12.0% of pregnant women with syphilis did not receive prenatal care at least 30 days before delivery, and 12.5% of pregnant women with syphilis were tested for syphilis at least 30 days before delivery but did not receive an adequate treatment regimen that began at least 30 days before delivery. Data on the underlying reasons for lack of early prenatal care are not available in the national case report surveillance data, and might vary by geographic area. However, data from the reported congenital syphilis cases indicate that the gap between testing and adequate treatment is multifactorial. The most common factors contributing to this gap were (1) failure to initiate timely treatment in pregnant women with a positive syphilis test and (2) newly acquired syphilitic infections among pregnant women who had tested negative for syphilis infection earlier in pregnancy. A less common, but not insignificant, reason for this gap was use of an inadequate maternal treatment regimen, which includes use of a nonrecommended treatment regimen (ie, non-penicillin regimen) or failure to complete the recommended treatment regimen. These data underscore the challenges and complexity of congenital syphilis prevention, as well as the importance of using local data to appropriately prioritize local programmatic interventions.
These data and this analysis have limitations. Owing to underascertainment and underreporting of syphilitic infections and pregnancy status, surveillance data likely underestimate the true number of syphilitic infections among pregnant women in the country. In addition, surveillance for congenital syphilis is particularly challenging because there is no widely available test that reliably distinguishes passive transfer of maternal antibodies from true syphilitic infection in asymptomatic infants. The current surveillance definition for congenital syphilis is designed to be sensitive, and so includes infants who were exposed to syphilitic infection but likely were not truly infected. However, it is also likely that some cases of congenital syphilis, particularly syphilitic stillbirths, are never diagnosed or reported. 18, 19 Underascertainment or under-reporting of syphilis cases among pregnant women would lead to an underestimate of the proportion of potential congenital syphilis cases averted. Conversely, underascertainment or underreporting of congenital syphilis cases or syphilitic stillbirths would lead to an overestimate of the proportion of potential congenital syphilis cases averted.
Even among the cases that are reported, analysis of surveillance data is limited by incomplete data on prenatal care, testing, and treatment among mothers of reported congenital syphilis cases. It is therefore possible that the surveillance data underestimate the number of mothers of congenital syphilis cases who truly received each of these services. In addition, the inability to link pregnant women with syphilis to specific congenital syphilis cases in the national data meant that it was necessary to make certain assumptions about pregnancy outcomes and completeness of reporting to create a full cascade. Depending on the completeness of reporting for pregnant women with syphilis relative to the completeness of reporting for congenital syphilis cases, these assumptions could overestimate or underestimate the proportion of pregnant women with syphilis who received prenatal care, syphilis testing, and adequate syphilis treatment during pregnancy, as well as the proportion of potential congenital syphilis cases averted.
Despite these limitations, these data and the use of a cascade to visualize these data are useful. At the national level, an estimated 75% of potential congenital syphilis cases were successfully averted in 2016, which means that an estimated 1928 potential cases were successfully averted through current clinical and programmatic efforts. Especially if used at a local level, the congenital syphilis prevention cascade can help quantify programmatic successes and identify where improvements are needed. State and local health departments are able to link maternal and infant records, and likely have access to more detailed and complete epidemiologic and clinical data than are available at the national level. Therefore, *Includes 45 mothers who were tested ≥30 days before delivery, but had unknown or missing test result data; 34 mothers who had a positive syphilis test result ≥30 days before delivery, but had unknown or missing treatment status; and 23 mothers who had a positive test result and were treated ≥30 days before delivery, but had unknown or missing data on adequacy of regimen.
jurisdictions with substantial congenital syphilis morbidity should be encouraged to create and examine their own cascades to visualize their pregnant female syphilis and congenital syphilis data, and to identify potential targets for programmatic intervention. Several jurisdictions have already started to examine their Strengthened surveillance for congenital syphilis and pregnant women with syphilis would improve data quality and optimize the utility of the cascade. For example, high morbidity jurisdictions could establish a syphilis pregnancy registry, as has been established for Zika virus infection 20 or hepatitis B infection, 21 to better quantify pregnancy complications and outcomes related to syphilitic infection during pregnancy. State and local health departments should be encouraged to share these data with stakeholders, including colleagues in maternal and child health, policy makers, and communities, to build partnerships and address the complexities of congenital syphilis prevention. Finally, state and local health departments should be encouraged to use these congenital syphilis cascade data to help prioritize and allocate resources for congenital syphilis prevention.
